CCS project development in Rotterdam  by Huizeling, Elvira et al.
    
 

	

 
Energy  Procedia  00 (2010) 000–000 
www.elsevier.com/locate/XXX
 
 
 
*Corresponding author. Elvira Huizeling. Tel.:+31 10 753 40 00; 
E-mail address: elvira.huizeling@road2020.nl 
Available online at www.sciencedirect.com
GHGT-10 
CCS project development in Rotterdam 
Elvira Huizelinga,*, Menno Rosa, Hans Schoenmakersa, Robin Ironsb, Gustaaf Boonc 
aMaasvlakte CCS Project c.v., Parallelweg 1, 3112 NA Schiedam, the Netherlands 
bE.ON New Build & Technology, Ratcliffe on Soar, Nottingham NG11 0EE, United Kingdom 
cGDF SUEZ, Rodestraat 125, B1630 Linkebeek, Belgium 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
E.ON and Electrabel are jointly developing the ROAD (Rotterdam, Opslag en Afvang Demonstratie) CCS project, to 
demonstrate capture, transport and storage of CO2 at a scale of 250 MW equivalent.  The ROAD project has now been under 
development for one year and several challenges have come up and have been overcome by the project team. Funding for the 
project has now been secured from different sources including the European Commission and the Dutch Government. This 
funding enables the project development, and each source set their own requirements for the project, which lead to project 
challenges. This paper outlines the most important of these challenges. It briefly describes Front End Development theory on 
project development as used in oil and gas industry and illustrates that the constraints will force the project team to deal 
differently than preferred in theory. Possibly this might lead to a price to pay for the project, but theory cannot be applied without 
risk of losing funding. Hopefully this article can contribute as well to the development of other CCS projects. 
© 2010 Elsevier Ltd. All rights reserved 
Keywords: CCS demonstration project; lessons learnt; 
1. Introduction 
The ROAD project is a joint CCS project of E.ON and Electrabel Group GDF SUEZ. Both 
E.ON and Electrabel are responsible energy companies and therefore the climate is of concern 
when developing new power plants. They are both building coal fired units at Maasvlakte.  
In March 2009 the European commission launched the EEPR plan (European Economic Plan 
for Recovery) with the goal to inject money in the economy by supporting projects that could 
improve the sustainability of the energy supply for Europe. A budget of about 1 billion € was 
reserved for CCS projects and the coal fired power plants of E.ON and Electrabel in Rotterdam 
were on a short list to be equipped with a demonstration unit for post combustion capture, and 
storage in a gas reservoir. The European call for projects specified: a full chain demo project, 
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from capture to storage, a minimum size of 250 MW, operation in 2015 and substantial 
commitment as early as 2010.  
Since E.ON and Electrabel are working in the same region, with the same technological 
options, and with both a believe in CCS as part of the climate change solution, they have joined 
forces in the ROAD (Rotterdam Afvang en Opslag Demonstratie) project to be able to 
demonstrate capture, transport and storage of CO2 at a scale of 250 MW equivalent in the 
industrial core region of the Netherlands. This is also the region where the Rotterdam Climate 
Initiative is active and supports this project. The capture installation will be developed under 
supervision of the JV. Transport and storage will be subcontracted, with GDF SUEZ E&P as 
preferred contractor for transport and TAQA Energy as preferred contractor for storage. This 
project will be financed by the EEPR funding of Europe, national funding of the Netherlands and 
own sources.  
 
Since October 2006 E.ON has actively acknowledged CCS as one of the key technical 
solutions necessary to come to a low-carbon world. CCS has become a topic in the research 
program Innovate.on in which E.ON initiated or participated at several pilot projects, of which 
the CATO CO2 Catcher at Maasvlakte was the first. 
 
GDF SUEZ has experience over several years on storing CO2 at the K12-B field. Therefore 
teaming up in this development helps both parties in gaining knowledge on CCS and preparing 
for future CCS rollout on other plants. 
 
The capture installation will be built on the site of E.ON Benelux behind the new coal-fired 
unit Maasvlakte Power Plant 3 (MPP3) of 1100 MWe, which will be operational by the end of 
2012. When operated at design conditions, MPP3 will emit a flue gas stream of about 1,084 kg/s, 
containing approximately 15 Vol.-% (dry) CO2. The new-build plant will therefore produce 
approximately 755 g CO2/kWh, resulting in annual CO2 emissions of about 5.7 million tons. 
To lower the net CO2 emissions of the plant, E.ON will take the opportunity to co-fire 
biomass such as wood pellets. E.ON is currently studying the maximum rate of biomass that can 
be co-fired. Expectations are that co-firing of 20 weight-% biomass is realistic. 
For further reduction of the CO2 emissions in the future, the new-build power plant was 
planned to be ‘Carbon Capture Ready’, i.e. it can be retrofitted with a full-scale carbon capture 
plant. The plant has already been certified according to ‘TÜV NORD Climate Change Standard 
TN-CC 006’. The standard contains requirements in particular regarding the technological and 
site-specific feasibility of retrofitting a full-size carbon capture system at the power plant 
location, the availability of the space which will be needed for the capture plant, the possibility 
of transporting CO2 from the power plant site to a CO2 storage site and the possible effects on 
plant safety and environment. The TÜV certificate was granted on 19 May 2009. 
Technical features of ROAD project 
A flue gas part equivalent to 250 MW will be fed into a post-combustion capture installation, 
where 90% of the CO2 will be captured in an absorber, and thereafter stripped in the desorber. 
The CO2 stream will be compressed and dried if necessary to be able to be transported to an 
offshore depleted gas reservoir nearby. The complete chain should store around 1.1 Mton per 
year. An artist’s impression of the capture installation can be found in Figure 1. 
 As this project is a first of its kind full chain CCS demonstration worldwide and due to the 
tight schedule, the project faces challenges on technical, legal, and permitting matters. The CCS 
chain should become fully operational in 2015. 
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This paper will briefly describe a theory of project development in oil and gas industry. The 
findings in the development of the ROAD project will be illustrated and it will be explained how 
the team deals with the challenges. In the last section, theory and practice are compared and 
recommendations and conclusions for upcoming projects are made. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Artist’s impression of the capture installation 
2. Theory on project development 
In literature, many articles can be found on project development following FED (Front End 
Development) principles [1], also known as FEL (Front End Loading). These principles are 
widely applied in the oil and gas industry. Front-end development is defined as all work that is 
performed on a project in preparation for the final investment decision (FID) for that project. At 
the FID, based upon the information that is available about the project, it is decided whether or 
not to free all necessary resources for the project. The idea behind FED is that enough effort is 
invested in the front phase (prior to FID) to have an overview over the risks of the project, the 
project scope is clearly defined and all foreseeable hurdles identified and mitigation measures are 
considered. 
 
These articles explain that for proper project development, although each project has its own 
characteristics, the development has to follow different stages to prevent capital overrun, low 
quality of the product delivered and delay in time schedule. By doing FED the project is well 
prepared in advance, and the most value can thus be added to the company executing the project. 
Figure 2 illustrates why companies might want to follow the FED route. In early stages of the 
project, the cumulative project costs are still quite low, whereas the influence on the project costs 
can be high. If a project team is well aware of this fact, it can significantly influence the 
development of the project and help the project team to focus on the relevant issues. 
 
Project development is recommended to follow the following steps: 
• Clearly define the business objectives 
• Clearly define the related project objectives 
• Develop project along gated process with clear decision points for shareholders 
• Set quality indicators and measure along the project development 
• Get people from all relevant disciplines on the project team  
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By doing so, the most value is added for the project. In an ideal world those guidelines would 
indeed be followed. 
On the other hand, some disadvantages of applying FED should also be mentioned here: as a 
lot of work is being done in the early stages before investment decision, it is not sure whether 
this amount of work, and thus invested money will be earned back in case too many projects do 
not reach the FID. Costs of this phase can go up to 1 to 7% of the total project expenditures. 
Besides these costs, doing proper FED also takes more time, and especially in time-critical 
projects with competitors involved, this extra time might lead to the risk of losing the project. 
Figure 2. The costs influence curve of projects (adapted from Three House Consulting (2008)) [1] 
3. Demonstration character of ROAD project 
The ROAD CCS project will demonstrate the functioning of the complete chain of capturing 
CO2 at a relevant scale after a coal-fired unit, compress and transport it to a depleted gas 
reservoir and inject and permanently store it there. Although for CCS all parts of the chain have 
been demonstrated separately and at smaller size, this is still a significant challenge. The capture 
installation will connect to a commercial new build power plant, which should not be 
detrimentally affected by this parallel project. This is an additional challenge to the project. 
To realize such a project the project team has to fulfill several requirements: 
• Select the suitable technologies for each step of the chain 
• Get all estimates for costs validated by relevant suppliers 
• Get all permits in place before start of operation 
• Implement relevant contracts and agreements 
• Get alignment in project planning 
• Get approval of both mother companies subject to permitting clauses (preliminary 
FID) before end of 2010 
In case one of these requirements fails, the project cannot be executed. However, meeting all 
these requirements above is not straightforward, given the demonstration character of the plant 
and the mutual correlations between these requirements. 
 
As a first of its kind, national and European regulations for capture, transport and storage are 
not complete yet. So, for example, it is not yet fixed which emission limits will apply. As the 
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scale and the nature of the coal-fired flue gas are also first-of-kind for the supplier of the capture 
plant, some costs for first time engineering will be incurred in the project. Setting up all relevant 
contracts and agreements is also a challenge, because a full risk assessment cannot be done 
before the complete technical specification is defined. An example of an open end is the 
discussion on the long-term liability of the storage site. The timing of and requirements for the 
change of responsibility are still open, and therefore it is more difficult to estimate the associated 
risk and costs for e.g. monitoring. 
 
Given all these uncertainties and the economically challenging environment, it is not 
straightforward for both mother companies, E.ON and GDF SUEZ, to approve this project by 
end of 2010. However, the funding requirement of the European Commission is that substantial 
commitment is made by end of 2010. For the project, this means that when the companies must 
approve for this substantial commitment not all criteria above mentioned will be met in time. 
4. Technical challenge: Selection of Capture installation  
The project was selected for funding by the EC in December 2009. This was the formal 
starting point for the project team to commence with the preparation of reliable information 
about costs and risks of project execution and the selection of the capture installation. Given the 
limited amount of time available, it was decided to adopt a “hybrid” form of selecting the capture 
installation. The ROAD project requested a supplier to be able to deliver the capture technology 
but also to be contracted for an EPC contract (Engineering, Procurement and Construction). For 
suppliers with only in house capture technology but no construction experience, it meant they 
had to team up with a contractor that could perform the Procurement and Construction part of the 
contract. 
 
First, all known suppliers were asked to show their interests and capabilities in an Information 
Round. After that some suppliers were selected on the basis of the information provided and 
were asked to perform a preliminary study to give an initial overview of the technical 
implications and a very rough estimate of capital costs.  
 
From these suppliers, two were selected to perform a FEED study (Front End Engineering and 
Design study). “Normal” project execution for a type of first of its kind would mean that only 
one FEED would be conducted, and after this FEED, a tender would be opened for interested 
suppliers to come forward and offer the installation. The ROAD project decided to conduct 
multiple FEEDs but not to reopen for tender afterwards, rather selecting one of the suppliers as 
the party to go forward with. A key reason for this is the limited amount of time available, since 
reopening a tender would take several months more. In Figure 3 the procurement strategy is 
described in headlines with several selection rounds with a Request for Proposal (RfP), 
preliminary studies, FEED and Engineering procurement and construction (EPC) phase and 
Specifications (Spec) from the project side. 
 
The most significant criteria used by the ROAD project for the selection of the suppliers were 
experience, maturity of technology and expected ability to perform project to budget, quality and 
timeline. These criteria were used because the ROAD project wanted to make sure that the full 
chain would work. A failure might hurt the future of CCS in Europe, not just this project. This 
meant however that innovative technologies, which were in an earlier stage of development by 
the time of our selection, could not be selected.   
 
The ROAD project would also like to thank the suppliers for being able to deal with this very 
tight schedule.  
 
E. Huizeling et al. / Energy Procedia 4 (2 11) 5661–5668 5665
6 Elvira Huizeling/ Energy Procedia 00 (2010) 000–000 
Figure 3. Procurement schedule on headlines 
 
One of the major technical constraints for the capture installation was due to the fact that by 
the situation that the coal-fired unit MPP3 has been under construction since the beginning of 
2008. This means that engineering a carbon capture (CC) installation to this plant is actually a 
retrofit. Many details of the coal-fired unit have already been engineered and even procured. 
That leaves little room for late changes. It also means that the resulting integration may be taken 
as a good example for other retrofit projects but cannot be directly transferred to new build 
designs. 
 
Another interesting challenge is coping with the different background of the possible suppliers 
and the power companies. The suppliers are used to work for chemical industries, whereas the 
power companies have experience in engineering power plants and transmission systems. It has 
turned out that in these industries different standards (both in the area of risk assessment and in 
technical specification) are used and it took, and will continue to take, quite some time and 
discussion to get to a good common understanding for the engineering of the CC plant on a 
power plant site. 
 
The third challenge is that the permitting procedure is rather lengthy and the relevant standards 
are developed by authorities during the basic engineering of this project. Consequently, 
definitive cost estimates must be developed as the basic engineering progresses. For an EU 
demonstration project this cannot be prevented as no such plants have been built yet in Europe 
(and thus under European regulations, which sometimes differ from those in other parts of the 
world) and no CCS plant has been built behind a coal-fired unit. Both project team and suppliers 
have to deal with it and allow some flexibility in later engineering phases. 
5. Permitting for a CCS project in the Netherlands 
The ROAD project must also ensure that it will be possible to get all permits for the complete 
CCS chain in order to have a sound basis for approval from both mother companies and 
preferably as much clarity and the prospect on getting the environmental permits in near future. 
This prospect should be in place before the end of 2010, the permits itself can take longer. The 
challenge in realizing this target lies in different fields.   
 
First of all, as a demonstration plant, no detailed regulations have been made available until 
now (compare the Large Combustion Plant Directive which describes all relevant Best Available 
Technologies (BAT) for diminishing pollution). As no similar size CC plants exist yet in Europe, 

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Spec 
Spec 
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2010-nov 
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or indeed worldwide, it is difficult to credibly define what is the best available technology. This 
will lead to discussions for the project team and competent authorities to discuss and determine 
the relevant emission standards as these are unknown up to now. And part of the learning goals 
of this ROAD project is to establish logic and clear standards for future capture installation. 
 
Secondly, the Dutch Government has recently introduced new legislation for CCS projects 
(the “Rijkscoördinatieregeling”) and new legislation for the Environmental Impact Assessment 
(EIA) [2]. The competent authorities are faced with this new legislation and therefore also need 
time to understand the new line of reasoning and new requirements. The 
Rijkscoördinatieregeling implies that the Ministry of Economic Affairs has to coordinate all 
relevant permits and has to align all the appeal procedures.  
 
A third challenge lies in the timing of information availability. As no large scale CC plant 
exists yet behind a coal-fired unit and the plant may have other emissions than a regular coal-
fired unit, it is challenging to provide the competent authorities with all possible details to make 
a solid assessment for them and to write the definitive values in the permit. The ultimate details 
can only be provided after starting the operation of the CC plant, but based on pilot plants the 
most relevant emissions can of course be provided. This is a true illustration of the 
demonstration character. This means that some room has to be included in permit values which 
can be tightened after the first years of operation. More information can be found in the 
permitting publications [3]. 
 
Fourthly, the CCS Directive has to be implemented in National Law. In the Netherlands this 
will be done in the Mining Act and thus has an impact on obtaining a storage permit and storage 
license. The implementation process is currently underway so there are no clear requirements for 
obtaining a storage permit and, after implementation, the ROAD project will be one of the first 
projects needing to obtain a storage permit/license under the new regulation. An important issue 
to be dealt with is the long lasting liability and financial security. 
 
The project team must incorporate many different disciplines to be able to prepare for this 
permitting procedure. The aim is to pro-actively do research and find answers on the relevant 
questions. Both E.ON Benelux and Electrabel are part of the CATO-2 project in which relevant 
questions are being researched and can serve as input for the EIA. The CATO-2 project is a 
Dutch research program for CCS with the aim of accelerating CCS demonstration projects in the 
Netherlands. [4] 
6. Comparing Theory and Practice 
This project does not follow the normal project development path. Given the short amount of 
time before the necessary FID to qualify for the EEPR funding, little room is available to address 
all relevant questions in time. However, several measures can be taken to accommodate the 
required information as well as possible. 
 
Finding appropriate personnel in the project team, with both good quality and enough project 
experience is a first step. If enough people are not available yet, the project should focus on the 
most important headlines.  
 
Defining the project goals and making sure that everybody understands them and has the same 
objectives can also contribute to good project development. 
As described in the theory section, it is also necessary to define clear business and thus project 
goals. In the ROAD project this aspect has not received all the attention necessary given the 
limited amount of time. The joint venture of E.ON and Electrabel was formed just one month 
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before the submission deadline of the EC subsidy. This meant that it was only to some extent 
possible to check whether E.ON company goals and Electrabel company goals were fully 
aligned prior to submission of the proposal to the EU.  
Of course, in general, both companies acknowledge the climate change, and the possible 
contribution of CO2 to this change and both companies see the need to be prepared to apply CCS 
in future installations if CO2 prices start to reflect the urgency of climate change mitigation. As 
preparing CCS takes up to several years, the companies have started now to be able to at least 
demonstrate that this option is feasible and are defining explicit business goals. The project team 
has a positive drive and spirit to bring this project to the realization phase given these goals. 
 
Furthermore, the above described risks associated with the demonstration character, a proper 
technology selection and permitting also leaves the project team with some challenges. However, 
identifying those risks is the first step in finding mitigation measures to overcome these 
challenges. Both project team and suppliers to the project must be aware of the special 
circumstances of this demonstration project and deal with them. The ROAD project cannot 
simply be treated as a typical normal project development, but the added value lies in the fact 
that it will be one of the first of its kind large scale CCS demonstration project on coal in the 
world. 
7. Conclusions and recommendations 
The ROAD Project team is in existence for only one year but has already made major strides 
in developing the project to a point where an investment decision can be taken at the end of 
2010. The ROAD team has had to find ways to deal with the challenges in this project. Although 
it is yet to be seen if the project will reach the next stage until the end of 2010, the team is 
working hard to get through these challenges. 
 
The ROAD project team clearly needs to align the business objectives of both mother 
companies to make sure that all project team members are working towards the same goal. 
 
For future project developers, it is recommended to learn as much as possible from the ROAD 
project team and other similar projects. The EC has introduced as one of its conditions for the 
subsidy that each of the EEPR projects should embed their developed experience on CCS 
projects in the European CCS network. The expectation is that future CCS project developers, 
not preparing the first CCS project of its kind, will benefit from this knowledge and can prepare 
decision makers according to project development theory for Final Investment Decision. 
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